Data regarding the epidemiology and diagnosis of invasive aspergillosis in the critically ill population are limited, with data regarding elderly patients (≥75 years old) even scarcer. We aimed to further compare the epidemiology, characteristics and outcome of elderly versus nonelderly critically ill patients with invasive aspergillosis (IA) Prospective, international, multicenter observational study (AspICU) including adult intensive care unit (ICU) patients, with a culture and/or direct examination and/or histopathological sample positive for Aspergillus spp. at any site. We compared clinical characteristics and outcome of IA in ICU patients using two different diagnostic algorithms. Elderly and nonelderly ICU patients with IA differed in a number of characteristics, including comorbidities, clinical features of the disease, mycology testing, and radiological findings. No difference Matthaiou et al.
regarding mortality was found. According to the clinical algorithm, elderly patients were
Introduction
Invasive aspergillosis, although reported in only 1-2% of intensive care unit (ICU) patients, 1 is a diagnosis gaining increasing importance in the critical care setting. 2 It is associated with high mortality and considerable costs, while delays in the initiation of antifungal treatment may prolong the length of stay and further increase relevant costs. 3 Thus, timely diagnosis is of paramount importance. The European Organization for Research and Treatment of Cancer (EORTC) was among the first organizations to issue diagnostic criteria for invasive fungal disease in 2002. Its most recent revision was published in 2008. 4 According to these criteria, invasive pulmonary aspergillosis may be classified as possible, probable and proven, depending on whether host factors, clinical features and mycological criteria are present. Given that this classification was initially developed for cancer and transplanted patients, several of these criteria are not easily recognized in the critical care setting.
Other clinical scores were also developed to further facilitate the diagnosis of invasive aspergillosis. Bouza et al. 5 developed a 5-point scale, which was based on patients hospitalized in a large tertiary teaching hospital including all types of hospitalized patients. However, this score could not be extrapolated on the critical care setting due to the differences between the general population and critically ill patients. Vandewoude et al. 6 tried to overcome this limitation by developing an algorithm based on medical, radiological and microbiological data acquired from critically ill patients. Recently, Blot et al. developed another clinical algorithm for the diagnosis of invasive aspergillosis, which would better fit the critically ill populations without the caveats of EORTC criteria. 7 Under this perspective, the term "putative" aspergillosis was introduced. It was defined as such if all of the four following criteria were met: 1. There was an Aspergillus-positive lower respiratory tract specimen culture as an entry criterion. 2. There were compatible signs and symptoms. 3. There was abnormal medical imaging by portable chest X-ray or CT scan of the lungs. 4 . There were either host risk factors or a semi-quantitative Aspergilluspositive culture of BAL fluid (+ or ++), without bacterial growth together with a positive cytological smear showing branching hyphae. As data regarding the epidemiology and diagnosis of invasive aspergillosis in the critically ill population are limited, it is obvious that data regarding elderly patients, namely over 75 years old are even scarcer. Under this perspective, we aimed to further compare the epidemiology, characteristics, and outcome of elderly versus nonelderly critically ill patients with invasive aspergillosis harvested from the AspICU database, the analysis of which are extensively presented elsewhere. 8 Additionally,
we aimed to study risk factors for mortality in this particular subset population and compare two different diagnostic algorithms.
(This study was presented in part at the ESICM LIVES 2014 27th Annual Congress, Barcelona, Spain, September 2014 and at the 24th European Conference of Clinical Microbiology and Infection Diseases (ECCMID), Barcelona, Spain, May 2014.)
Methods

Study design
The data for this study come from a prospective, international, multicenter observational study that included ICU patients who had invasive aspergillosis (IA) (AspICU). There were 30 contributing ICUs from eight countries in Europe, Asia, and South America. A patient was eligible for inclusion in the study if (1) they were hospitalized in an ICU, (2) was >18 years old, (3) a culture and/or direct examination and/or histopathological sample positive for Aspergillus spp. at any site. BAL galactomannan was not used as an inclusion criterion as it was not yet in practice in most centers, when the study started. For the present secondary analysis, only patients with invasive aspergillosis, proven, probable, or putative were taken into account based on the clinical algorithm. All patients judged by the principal investigators to be colonized were not included in this dataset.
The inclusion period lasted from November 2006 to January 2011. Patients diagnosed with IA post-mortem could be included in the study. However, patients from historical cohorts starting from January 2000 could also be included, due to the scarcity of patients in which histopathology data were available, as long as all of the requested data were available. If a patient was suspected to have IA before ICU admission, they were excluded from the study.
The study was approved by the local ethics committee/institutional review board of each participating center. No informed consent was obtained as the study was observational, and no intervention was performed regarding the management of the included patients. A complete and detailed description of the study methodology has been reported elsewhere. 7 
Collection and extraction of data
All relevant data were collected from patient medical records in each contributing center and submitted electronically to a central web-based registration system (www.aspicu.org). Data collection included demographics, comorbidities and severity scores. These scores included Acute Physiology and Chronic Health Evaluation (APACHE) II score 9 and Sequential Organ Failure Assessment (SOFA) score. 10 They were calculated on the day of ICU admission and on the day of the positive Aspergillus culture, respectively. Other retrieved data included clinical signs and symptoms that were indicative of invasive fungal disease, such as refractory or recrudescent fever, pleuritic pain, dyspnea, hemoptysis or worsening lung function, techniques used to obtain samples, potentially infected sites and organs and mycological tests that would permit the diagnosis of IA, such as galactomannan (GM) measurements and Aspergillus polymerase chain reaction (PCR).
Data from chest X-rays and computer tomography (CT) scans were collected to suggest or make a diagnosis of probable or putative IA. When CT scans demonstrated findings such as wedge-shaped lesions, halo or air crescent-like sign, and lung cavitations or nodules, they were considered to be typical of the disease, according to EORTC criteria. 4 Data regarding the type and duration of antifungal therapy were also retrieved.
Definition of infection and outcomes
Acute respiratory distress syndrome (ARDS) was defined according to the criteria issued by the American-European Consensus Conference on ARDS. 11 Sepsis was defined according criteria issued by the International Sepsis Definitions Conference.
12
GM test was reported positive when it had an optical density index of more than 0.5. 13 Other laboratory tests were interpreted according to criteria issued by international consensus groups. 4, 14 The clinical diagnosis was decided by the attending physician. However, all diagnoses were reassessed by a central committee, which used both the EORTC 4 and Clinical   7 algorithms. The diagnostic criteria for IPA according to the EORTC and the Clinical Algorithm are summarized in Table 1 . The diagnosis of IA was proven, probable and proven, or putative for each of the aforementioned algorithms, respectively. The classification of IA as proven is identical in both algorithms. However, the difference in the criteria of probable IA between the algorithms necessitated the renaming of probable IA to putative IA to avoid using the same term. Various outcome parameters were collected including mortality at the end of observation, and length of ICU stay. The time of diagnosis of IA was considered as the date of the first positive Aspergillus culture or as the date of clinical deterioration compatible with invasive aspergillosis in case of post-mortem diagnosis.
Statistical analysis
Descriptive statistics are reported as number (%), mean (±standard deviation), or median (interquartile range, i.e., 1st, 3rd quartile). The normality of distribution of the variables in each group was examined with the KolmogorovSmirnov test. The association of normally distributed continuous variables with a statistically significant difference between the groups was assessed with the use of Student's t-test, while for non-normally distributed variables MannWhitney U test was used. For dichotomous variables, χ 2 or Fisher's exact test was used. Variables found to be significantly different in the mortality bivariate analysis were entered in a multivariate logistic regression model. For all tests performed, a two-tailed P ≤ .05 was considered to denote statistical significance. For all the analyses performed, the statistical software IBM SPSS Statistics for Macintosh, Version 22.0. (IBM Corp., Armonk, NY, USA) was employed. 
Results
General characteristics of the cohort
Two hundred and ninety-two ICU patients were included in our study. One hundred seventy-eight (61%) were males, and the mean age of the cohort was 61.6 ± 14.7 years. Two hundred and thirty-four (80.1%) were medical admissions, 60 (20.6%) underwent emergency or elective surgery, five (1.7%) were trauma patients, and one (0.3%) had burns. Two hundred seventy-seven (94.9%) had a comorbidity upon admission, while 138 (47.3%) were septic upon ICU admission. The median APACHE II score upon admission was 24 [17, 29] , and the median SOFA score on diagnosis of IA was 10 [6, 12.75], while the median length of ICU stay was 16 [9, 34] days. Two hundred and six out of 285 (72.3%) died before the end of the observation period (data for seven patients were missing). The affected sites were the lung in 284 cases, trachea in 37, sinus in 3, brain in 10, abdomen in 9 (liver in 5, spleen in 2, kidney in 3, pancreas in 1, gastrointestinal tract in 1, peritoneum in 2, and other in 2), skin in 1, wound in 3, empyema in 3, and intravascular in 7 (endocarditis in 7, and pericarditis in 2). The sum exceeds the total number of cases, as several of them were cases with disseminated aspergillosis.
Risk profile and clinical presentation of elderly and nonelderly
The cohort was split and further analyzed according to the limit of 75 years of age, with patients over this limit characterized as elderly. Fifty-four out of 292 (18.5%) were elderly, while 238/292 (81.5%) were nonelderly. The mean age of the two groups were 79.5 ± 4.9 and 57.5 ± 13.1 years, respectively. Thirty-nine out of 53 (73.6%) and 167/232 (72%) died before the end of the observation period, respectively. Forty-seven out of 54 (87%) and 216/238 (90.8%) needed supportive therapy. The median length of stay for each group was 16 days [6, 34] and 16 days [9, 34] , respectively.
Variables that were significantly different between elderly and nonelderly ICU patients with IA in the ICU, as well as outcomes and a comparison between EORTC and the clinical algorithms are summarized in Table 2 . Elderly ICU patients were more likely to suffer from diabetes mellitus and chronic obstructive pulmonary disease. Nonelderly ICU patients were more likely to have received a solid organ transplant and lung transplant, in particular. Nonelderly patients were more likely to have fever that was refractory to at least 3 days of appropriate antibiotic therapy. Furthermore, the decision to commence antifungal therapy was more likely for nonelderly patients, either empirical or definitive depending on the certainty of diagnosis according to the definitions used.
Regarding the comparison between EORTC and the clinical algorithms, nonelderly patients were more likely to have an EORTC host factor present, namely, to receive a solid organ transplant, and be diagnosed with proven IA according to both algorithms. On the other hand, elderly patients were more likely to be diagnosed as not classifiable according to EORTC but with putative IA according to the clinical algorithm. There was no difference in validation on histology-controlled cases between elderly and nonelderly of the two algorithms.
When comparing laboratory techniques, nonelderly patients were more likely to have a broncho-alveolar lavage (BAL) performed. They were also more likely to yield a BAL positive culture. Furthermore, nonelderly were more likely to have a positive direct microscopy of any sample, as well as a positive GM test.
Elderly patients were more likely to have a normal chest X-ray, but were also more likely to manifest the air crescentlike sign, both in CT alone and in CT and chest X-ray combined. When assessing CT and chest X ray in combination, elderly patients were also more likely to manifest the halo sign. Although elderly patients were less likely to receive supportive therapy and to have antifungal treatment initiated, the mortality between the groups was similar at the end of observation.
Outcomes between survivors and non-survivors in the elderly group Data for 53 patients out of 54 in the elderly group were available for outcome calculations. Thirty-nine (73.6%) of them died before the end of the observation period. Fortytwo (79.2%) patients were medical admissions, 11 (20.8%) were surgical admissions, and 1 (1.9%) had burns. Fiftyone patients (96.2%) had a comorbidity upon admission, while 27 (50.9%) were septic upon ICU admission. The APACHE II score upon admission was 25 [20, 30.25] and the SOFA score on diagnosis of IA was 8 [5.75, 12] , while the length of ICU stay was 22.8 ± 25.2 days. The mean age was 78.9 ± 4.3 years for nonsurvivors and was 81 ± 6.2 years for survivors.
Risk factors for mortality in elderly ICU patients with IA are summarized in Table 3 . Nonsurvivors had a higher SOFA score and were more likely to be diagnosed as having probable or proven aspergillosis according to the clinical judgment of the attending physician, irrespective of the final diagnosis that was done by the head-investigators based on all the available data. Thus, they were more likely to start antifungal treatment. They were also more likely to have fever that was refractory to at least 3 days of appropriate antibiotic therapy and to show worsening respiratory insufficiency in spite of appropriate antibiotics and ventilation support. It should be noted that all patients who were diagnosed with proven IA died. Regarding the comparison between EORTC and the clinical algorithms, survivors were more likely to be diagnosed as not classifiable according to EORTC. On the other hand, there was no difference in the diagnosis according to the clinical algorithm, although nonsurvivors were more likely to be diagnosed with proven IA with marginal non-statistically significant difference. Besides autopsy, histology testing on biopsies was also solely performed on nonsurvivors.
As expected, nonsurvivors were more likely to receive various types of supportive therapy, including mechanical ventilation, hemodynamic support, and renal replacement therapy, if compared to survivors. Also, survivors were less likely to have antifungal therapy initiated.
Survivors were more likely to have a sputum sample, but not an endotracheal aspirate sample, tested. They were also more likely to be infected at the trachea. Lastly, survivors took longer to be diagnosed from ICU admission or from first positive culture.
A logistic regression including all potential risk factors for mortality could not be performed, as they were too many to allow a meaningful analysis. However, in a model including SOFA, which essentially depicts the patient's overall organ status, and the decision to start antifungal treatment, both of them were found to be statistically significant, with odds ratios of 1.55 (95% confidence interval [CI] 1.18-2.05, P = .002), and 0.27 (95% CI 0.08-0.86, P = .03), respectively.
Discussion
The main findings of our study were that elderly and nonelderly ICU patients with IA differed in a number of factors, including comorbidities, clinical characteristics of the disease, mycology testing, and radiological findings. However, no difference regarding mortality was found. According to the EORTC criteria, only 16 out of 54 elderly patients were diagnosed with IA (10 proven and 6 probable IA); in contrast, most of them (43/54 patients) were considered to have putative IA following the diagnostic approach of the clinical algorithm. The fact that elderly patients had less diagnostic radiological and biological findings could account for these discrepancies and suggest that IA is maybe underdiagnosed in this setting, thus emphasizing the potential interest of our clinical algorithm. Regarding the comparison between elderly survivors and nonsurvivors, there were differences in clinical characteristics of the disease, affected sites and supportive therapy needed.
There was an inconsistency in the classification of patients with IA between the two algorithms used. Elderly patients were considered as being not classifiable in 70.4%, and as having probable IA in 11.1% of the cases when EORTC classification was used. On the other hand, elderly patients were considered as being colonized in 1.9%, and as having putative IA in 79.6% of the cases when clinical algorithm was used. This discrepancy is expected, though, as the clinical algorithm has a much broader definition for putative IA, including clinical and radiological criteria, which are lacking in EORTC definitions. It should be noted that the clinical features of the EORTC are very robust findings that are very suggestive for invasive fungal disease, including dense well-circumscribed lesions with or without a halo sign or air-crescent sign or cavity on CT. The clinical algorithm is just much less strict and takes any radiologic abnormality into account. This difference may be further explained by the fact that elderly patients lacked usually reported host factors, including prolonged neutropenia, receipt of an allogeneic stem cell transplant, prolonged use of corticosteroids, treatment with immunosuppressants, and inherited severe immunodeficiency in more than 40% of the cases. Of interest is the fact that there is one patient judged by the clinical algorithm to be colonized. The same patient is the only one that had probable IPA according to EORTC but was not classified as putative due to lack of clinical signs and symptoms.
There are other clinical conditions such as chronic obstructive pulmonary disease and decompensated liver disease [15] [16] [17] [18] [19] [20] [21] that may predispose to IA through the immunosuppression they may cause. However, these conditions are not included in any of the diagnostic algorithms, although clinical algorithm requires clinical signs that may be part of the clinical course of these diseases. Thus, the probability of elderly patients having IA goes unnoticed in the absence of other criteria. Another important factor that may contribute to the acquisition of IA is immunosenescence that is closely related per se with aging. 22 Elderly patients may not be able to manifest clear clinical symptoms that directly refer to IA. Instead, they have nonspecific symptoms such as refractory fever despite antibiotic therapy. This, combined with the reduced presence of positive mycology testing or radiological findings compared to nonelderly patients, as in our cohort, may further hinder the finding of a diagnosis. Elderly patients in our cohort were more likely to have a halo or an air crescent-like sign in the chest X-ray and CT scan. It should be noted that, although the halo sign presents early in the clinical course of the disease, 23, 24 the air crescent-like sign is a late sign that may be found 1 to 2 weeks after the appearance of the halo sign. 25, 26 Thus, early CT scans should be done in patients who do not improve despite antibiotics. This is of great importance, given that in our cohort elderly patients were less likely to have a positive direct microscopy, a positive BAL culture or a positive GM test compared to nonelderly patients. The risk factor analysis for mortality in the elderly subset showed that nonsurvivors were more critically ill. They had a SOFA score twice as high compared to the survivor group. As expected, they were more likely to manifest nonspecific signs such as refractory fever to at least 3 days of appropriate antibiotic therapy and worsening respiratory insufficiency despite the appropriate antibiotic treatment and ventilation support. Consequently, they were in need of multifaceted supportive treatment, including mechanical ventilation, hemodynamic support and renal replacement. This fact was also reflected on the lower rates of deciding not to start antifungal therapy since a bad outcome was expected regardless of therapy. It should be noted that none of the nonsurvivors were classified as being colonized. All of them were diagnosed as having putative or proven IA, according to the clinical algorithm.
According to our results, age does not seem to be an important determinant of outcome both in elderly and nonelderly patients, as mortality was similar denoting a bad prognosis. However, the logistic regression for mortality in the elderly group found that the patient's status and the decision to start antifungal treatment are strong predictors of mortality. It should be noted that almost for one out of five elderly patients who eventually died, the clinical decision not to start antifungal therapy was based on an Aspergillus colonization patient status, although according to the clinical algorithm no patient of this group could be classified as such. This fact may indicate that the administration of antifungal treatment even when the elderly patients do not seem to be infected may have an important role on survival.
There have been several studies assessing various other types of infection including nosocomial bloodstream infection, and ventilator-associated pneumonia. [27] [28] [29] [30] However, this is the first study, to our knowledge, focusing on the differences between elderly and nonelderly patients with invasive aspergillosis in such detail, although there have been studies examining individual aspects of the disease in the elderly, such as attributable mortality and excess in length of stay, 31 or the involvement of organs other than the lungs, such as the brain. 32 Additional strengths of this study include the large size of the cohort, which included only histopathology-controlled cases, as well as the fact that to our knowledge there are no other studies focusing on elderly critically ill patients with IA. Also, it is a multicenter study, encompassing 30 centers from eight different countries, which greatly supports the validity and the generalizability of the results.
However, there are several limitations of the study that should be considered. First, the sample size was relatively small due to several reasons. There was a selection bias due to the inclusion of cases that had a positive Aspergillus culture, although all patients with IA were included without a focus on lung involvement. However, patients with suspected disease based on radiological imaging or biomarkers were excluded. As a result several potentially evaluable cases may have been missed. Another criterion that could potentially increase and empower our cohort would be the routine autopsy or biopsy, as autopsy studies have shown that IA is the most frequently missed infectious diagnosis in patients requiring ICU admission. [33] [34] [35] However, it should be noted that false-negative histology on lung biopsies may occur and could compromise our findings. Also, BAL was not routinely performed in all patients, creating the risk of missing potential cases with putative IA when no positive histology data were available. Furthermore, not all patients had CT scans and GM measurements. The reason for the scarcity of GM measurements may be attributed to the cost of the procedure and the fact that the study commenced before the publication of the most important papers assessing the role of GM in the critical care setting. 13, 36 Lastly, the study assessed overall mortality, but not attributable mortality to the infection, which could overestimate our findings.
As invasive aspergillosis is a disease of growing incidence in the critical care setting combined with the increasing age of patients admitted in the ICU, it is of great importance to acknowledge the differences between elderly and nonelderly ICU patients with IA. Elderly patients may present with IA without any clear signs that indicate the diagnosis. Interestingly, there was no difference in survival between elderly and non-elderly, indicating that elderly state per se is not a particular risk factor for mortality. In contrast, a high SOFA score and the decision not to administer antifungal therapy may have a negative impact on survival of elderly patients. Increased vigilance along with active search for mycological evidence and radiological confirmation are crucial for the timely diagnosis of in the elderly patient subset.
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